Background: Common wheat (Triticum aestivum) and durum wheat (T. turgidum) are
| INTRODUCTION
Wheat is considered as a staple food in the diet worldwide and a known trigger of IgE-mediated allergies. 1 The most consumed wheat cultivars are common wheat (Triticum aestivum L.), a main ingredient in bread and durum wheat (T. turgidum ssp. durum) which is preferentially used for pasta and semolina. Allergic reactions to wheat can be elicited either by wheat ingestion causing food allergy (FA) and wheat-dependent exercise-induced asthma (WDEIA) or by inhalation of wheat flour causing Baker's asthma (BA). 1 In general, common wheat is a source of numerous allergens which can be classified into two groups: the first group comprising the salt insoluble fraction, including gliadin and gluten which constitutes approximately 80% of wheat protein content. 2, 3 Wheat proteins of this group have been described as allergens involved in coeliac disease and in WDEIA. 4 The second group is represented by the albumin/globulin soluble fraction and comprises 15%-20% of total wheat proteins, including allergenic α-amylase/trypsin inhibitor subunit as well as the non-specific lipid-transfer proteins (nsLTPs). 5 Both allergens are implicated in BA, 4, 6 and in some cases of WDEIA. 7 In line with this, nsLTPs which belong to the family of pathogenesis-related proteins (PR14) have been identified as major allergens in plant-derived foods, with a highest prevalence of sensitization in the Mediterranean area. [8] [9] [10] Several members of this protein family, particularly nsLTPs from Rosaceae fruits (such as peach nsLTP Pru p 3), have been proposed as a model of true food allergens based on their high resistance to both digestive proteolysis and heat treatment. [9] [10] [11] [12] [13] The characteristics of the nsLTPs panallergen family are displayed also by the wheat flour nsLTP (Tri a 14) which was reported to be an important food allergen in T. aestivum-derived food products. 5, 14, 15 Palacin and co-workers 16 have characterized Tri a 14 as a major inhalant allergen associated with BA in Spain. Specific IgE to Tri a 14 was detected in 60% of sera from 40 Spanish patients with BA. In contrast, Sander and co-workers 17 reported
Tri a 14 as a minor allergen in patients with BA, with sensitization to Tri a 14.01 being more prominent than sensitization to Tri a 14.02.
They found 8% of German and Dutch bakers to be sensitized to Tri a 14.01 whereas only 3% were sensitized to Tri a 14.02. In comparison to this 21% of Spanish bakers were sensitized to Tri a 14.01 but only 13% to Tri a 14.02.
Non-specific LTPs are involved in various physiological processes including the response to phytopathogens in plant defence reactions. 18 In line with this, research activities have been initiated to upregulate nsLTPs in durum wheat to enhance tolerance to abiotic and biotic stress. 19 However, no data describing the potential allergens in durum wheat are available until now. Hence, the selective over-expression of nsLTPs in T. turgidum could be of a major risk of nsLTP allergic patients, especially for wheat allergic patients suffering from reactions to pasta. 20 The aim of the present study was the molecular cloning, characterization and allergenicity assessment of the nsLTP from durum wheat, and the comparison of IgE-reactivity, cross-reactivity and allergenicity with the major allergens Tri a 14 and Pru p 3. no. CAH69187/AJ852536) was expressed as a secreted hexahistidine-tagged protein in K. pastoris, using a codon-optimized synthetic gene, and purified from culture medium by immobilized metal ion affinity and anion exchange chromatography, followed by formulation in 20 mM MOPS, 0.15 M NaCl, pH 7.6.
| Physicochemical characterization of allergens and protein extracts
Protein extracts from durum wheat (Tunisian cultivar Om Rabia3) and common wheat were prepared from whole grain and bran, respectively, using the method as described elsewhere 16 with some modifications. Proteins from ground seeds/bran (20 g each)
were extracted with 100 ml Tris-HCl (100 mM), EDTA (10 mM, while the protein content of purified proteins was determined by BCA protein assay kit (Fisher Scientific). The secondary structures of the purified recombinant proteins were analysed by circular dichroism (CD) spectroscopy as described. 22 Modelling of the three dimensional (3D)-structure of Tri tu 14 was done using SWISS-MODEL (www.swissmodel.expasy.org) 24 and maize nsLTP (pdb: 1afh) as template. Overlay of structures was done using the PyMOL software (Molecular Graphics System, Version 2.0 Schrödinger, LLC). New York, NC. The identity of the protein was confirmed by in-gel digestion followed by LC/MS analysis according to 25 with slight modifications as specified in. 26 
| IgE-binding and cross-reactivity assays
Specific IgE values were determined by using experimental Immuno-CAP 27 for rTri tu 14 and commercially available ImmunoCAPs for rTri a 14.01 (f433), rPru p 3 (f420), and T. aestivum wheat (f4) (Thermo Fisher Scientific). Specific IgE levels were considered positive if ≥0.35 kU A /L. Statistical analysis was performed using GraphPad Prism software (GraphPad Software Inc, La Jolla, CA).
Detection of nsLTP in durum wheat extract was performed by IgE Immunoblot inhibition assay as described elsewhere. 28 Briefly, durum wheat extract was subjected to SDS-PAGE (100 μg protein/ cm) and transferred to nitrocellulose membrane (Protran 0.2 μm;
Fisher Scientific). After blocking the membrane was incubated overnight with a pooled serum ( Heidelberg, Germany) and the AP substrate reagent kit (Bio-Rad, Munich, Germany).
Cross-reactivity between the different nsLTPs was evaluated by
IgE inhibition ELISA assays as described. 28 
| Basophil histamine release test
Peripheral blood mononuclear cells were isolated from blood of a non-allergic donor and IgE was stripped from Fc ε RI by lactic acid treatment as described elsewhere. 29 Subsequently, the cells were passively re-sensitized with patient's serum. Histamine release was performed with both T. aestivum and T. turgidum extract (1 ng/ml-10 μg/ml) and with purified rTri tu 14, rTri a 14 and nPru p 3
(100 pg/ml-1 μg/ml). Allergen-induced histamine release levels ≥10%
of total histamine content of the cells were considered positive. To evaluate the allergenic potency of nsLTPs from wheat and peach in wheat allergic patients, in vitro mediator release assays were performed using passively sensitized basophils. Tri tu 14 and Pru p 3
were able to trigger a histamine release of up to 20% for patient #15 ( Figure 5A ) and up to 60% for patient #26 ( Figure 5B) . Likewise, Tri a 14 did not show biological potency in patient #15 ( Figure 5A) and histamine release up to 20% in patient #26 ( Figure 5B ). For both, T. aestivum and T. turgidum, substantial histamine release by extracts was provoked only by using concentrations of >100 ng/ml in patient #26. BSA applied as negative control did not cause any histamine release.
| DISCUSSION
Wheat is a potent inhalant and ingestive allergenic source which causes clinical manifestation of BA, wheat-mediated FA and exercise-induced anaphylaxis (WDEIA). 6, 16 Although both wheat cultivars,
T. aestivum (used for bread and bakery products) and T. turgidum The nsLTP isoform Tri a 14.01 from T. aestivum was applied as reference since IgE sensitization to this isoform is described to be more prominent than sensitization to Tri a 14.02, 17 and Tri a 14.01 was already utilized for ImmunoCAP testing. In this experimental setting, we were not able to assess the level of accumulation of Tri tu 14 or isoforms/variants other than Tri a 14.01.
Therefore, we can only speculate that the amount of Tri tu 14 might be rather low, and maybe depends on the stage of plant development. 30 Nevertheless, it has to be taken into account, that targeted or stress-induced up-regulation of Tri tu 14 or other nsLTPs in durum wheat, implies a risk for allergic reaction for nsLTP-sensitized patients.
In summary, for the first time, an allergen from durum wheat (T.
turgidum ssp. durum) has been described as nsLTP Tri tu 14. It was identified as a member of the nsLTP protein family and named nsLTP Tri tu 14. Some evidence suggests that Tri tu 14 rather than Tri a 14 is associated with wheat FA/WDEIA and Pru p 3-mediated FA. Moreover, the targeted expression of Tri tu 14 in wheat crops will increase the allergenicity and risk of unexpected allergic reactions for nsLTP-sensitized individuals.
